Summary. Pyogenic streptococci of Lancefield group C or group G from human or animal sources were examined with a view to increasing the number of diagnostic tests useful for their differentiation. Human strains of group G produced L-prolyl-L-arginine aminopeptidase but isolates of Streptococcus equisimilis (group C) did not. Tests for a-L-glutamate aminopeptidase together with fermentation of glycogen or sorbitol distinguished S. dysgalactiae from strains of S. equisimilis isolated from animals. It was confirmed that fermentation tests were helpful in the study of S. equi and S. zooepidemicus and that enzyme reactions helped distinguish between S. canis and the human strains of group G.
Introduction
Streptococci of Lancefield's groups C and G are subdivided conventionally on the basis of their habitat, pathogenicity and biochemical characters.l Four species identifications found useful among strains of group C are: (i) Streptococcus equi, the agent of equine strangles, rarely present in the nose and throat of normal horses and seldom isolated from man; (ii) S. zooepidemicus, the cause of respiratory infections and suppurative disease in many animal species--carriage is frequent in animals but it is not commonly isolated from man; (iii) S. equisimilis, the commonest representative of group C isolated from man2 in whom it can cause outbreaks of i n f e~t i o n ;~ an organism to which the same name is applied is carried by and causes diseases in domestic animals similar to those associated with S. zooepidemicus;' (iv) S. dysgalactiae, which can cause bovine mastitis, is a commensal in cattle, and also causes invasive disease in other domestic animal^.^ Two main taxa have been identified among strains that carry the group G antigen. One is S. canis, which comprises strains isolated from various infections in dogs and cats; strains of group G isolated from mastitis in cattle were included in the original description of this species5 Organisms that are commensals and occasional pathogens in man make up the other. 6 Some strains of the S. milleri group cross-react with either Lancefield group C or G sera and representatives were included in this study for comparison. Reactions with trehalose, lactose and sorbitol have been regarded to be of "outstanding value" in the identification of species of group C.l The study of enzymes has also been useful-e.g., P-glucuronidase, hyaluronidase and fibrinolysin are usually present in human but not bovine strains of group G.6 With the exception of S. c a n i~,~ nucleic acid hybridisation does not provide a method for distinguishing these organthis has led to the suggestion that all except s.
canis can be placed in either S. equi or S. dysgalactiae aggregates. At times finer subdivisions are necessary and this led us to look for additional diagnostic tests.
Materials and methods

Bacterial strains
Forty-three stock strains were screened for significant reactions. Of these, 21 were from the departmental collection of the Central Public Health Laboratory (CPHL) and 22 from the National Coilection of Type Cultures, London. They comprised representatives of the taxa listed in the table and five haemolytic strains of S. milleri that reacted with the Lancefield C or G grouping reagents. A further 219 strains collected and identified in the UK, Germany or the USA were re-examined at the CPHL. Sixty-three of these were from human clinical material, comprising all 23 strains of S. equisimilis, all 38 human isolates of group G and two cultures of S. zooepidemicus. Except for three cultures of unknown origin-one of S. equi and two of S. zooepidemicus-the remainder were from animal sources. All 37 strains of S. dysgalactiae and two cultures of S. zooepidemicus were of bovine origin. The remaining 116 cultures, with the exception of single isolates from a marten, a sea lion, a zebra and a rhinoceros, were isolated from cats, dogs, pigs or horses of various ages.
Seroloyical grouping
The Streptex agglutination procedure was used as recommended by the manufacturer (Wellcome Diagnostics, Dartford, Kent) for the detection of group antigens.
Biochemical tests
Two commercial kits, the API 20 STREP and API ZYM (bioMerieux, Basingstoke, Hants) were employed in the examination of all 262 strains.
The further testing of the 43 stock strains was based on the use of a third package, the API LRA ZYM Research Kit comprising tests for 10 esterases, 20 oxidases and 58 aminopeptidases based, respectively, on the hydrolysis of naphthyl-, para-nitrophenolicand -naphthylamide saIts.
The 219 fresh isolates were tested additionally with a specially prepared kit containing 10 substrates to test for four enzymes present in the API LRA ZYM research kit-L-prolyl-L-arginine aminopeptidase, glycyl-L-tryptophane aminopeptidase, a-L-glutamate aminopeptidase and glycyl-glycine aminopeptidasetogether with repeat tests for six enzymes incorporated in the API ZYM Kit. The latter were: P-glucosidase, a-glucosidase, P-glucuronidase, P-galactosidase, phosphoamidase and a-chymotrypsin (or a phenylalanine aminopeptidase).
Results and discussion
Screening of stock strains It was confirmed that haemolytic strains of the S. rnilleri group, which cross-react with Lancefield group C or group G sera, could be distinguished readily from the other seven sets of pyogenic streptococci. All five S. milleri strains gave the Voges-Proskauer reaction but none formed phosphoamidase. All other cultures gave opposite reactions. Furthermore, the S. nzilleri strains neither fermented ribose nor produced b-glucuronidase, properties that were shared, respectively, with S. equi and S. canis only.
Six of the reactions covered by the API ZYM kit including phosphoamidase and glucuronidase seemed promising. Production of P-galactosidase was restricted to S. cunis; P-glucosidase is known to be formed by enterococci and some oral ~treptococci,~ so even if not produced by the test strains this could be a test of exclusion. Chymotrypsin was formed by some representatives of S. zooepidemicus and S. canis. Finally, a-glucosidase was formed by the three strains of S. milleri placed in group G, but not those of group C.
Although more tests for the presence of particular enzymes were performed with the API LRA ZYM kit most reactions were either uniformly positive or uniformly negative with all stock strains. Four enzymes, namely, glycyl-glycine aminopeptidase, a-L-glutamate aminopeptidase, glycyl-L-tryptophane aminopeptidase and L-prolyl-L-arginine seemed worthy of further study.
Testing of fresh isolates
The results are summarised in the table. Briefly, none formed p-glucosidase or gave a positive pyrrolidone aminopeptidase reaction. The traces of colour recorded in the table for the latter test were within the range accepted as negative by the manufacturers but are recorded here because they were not distributed evenly among the sets. We believe that the Lancefield group antigen should be determined at an early stage in the identification of these organisms.
The human and animal strains of S. equisimilis could be distinguished from each other by glycogen fermentation and production of L-prolyl-L-arginine aminopeptidase. Nearly all the animal strains gave both reactions but none of the human strains gave either. The reaction with glycogen has been reported by others."
S. dlsgalactiae is known to produce colonies on blood agar surrounded by zones of greening. This was also the case with this collection. Like S. equisimilis, strains of S. dysgalactiue produced L-prolyl-L-arginine aminopeptidase, but S. dvsgulactiae strains could be distinguished from S. equisimilis because although some fermented sorbitol, none formed a-L-glutamate aminopeptidase and few fermented glycogen.
The cultures of S. equi differed from all other strains because they failed to exhibit brisk fermentation of any of four substrates-ribose, sorbitol, lactose or trehalose. Delayed reactions were found with one or other of these substrates and have been reported previously." The well-known pattern of fermentation of sorbitol and lactose but not trehalose by S. zooepidemicus was confirmed. Both S. equi and S. zooepidemicus resembled the animal strains of S. equisimilis in fermenting glycogen but differed from that organism and S. dysgalactiae in that most strains of both species did not produce L-prolyl-L-arginine aminopeptidase.
Human strains of S. equisimilis and the pyogenic group G streptococci can be distinguished serologically, but not biochemically.' The finding that only the human strains of group G produced L-prolyl-Larginine aminopeptidase provides a useful biochemical test. The human strains of group G and strains of S. canis differed in tests for a-D-galactosidase, p-Dglucuronidase, P-D-galactosidase and fermentation of trehalose.
The absence of any bovine strains of group G in our collection should be noted. Others have described isolates from dogs and cows as S. c a n i~.~ However, if the bovine strains are ecologically distinct" it is possible that extended studies would uncover differences. Similarly S. equisimilis isolates from animals may comprise several varieties.
This study had the aim of increasing the range of tests that could be used in the identification of streptococci of Lancefield groups C or G, and further work could uncover more of these reactions. For the present, tests for phosphoamidase, a-L-glutamate aminopeptidase and L-prolyl-L-arginine aminopeptidase can be added to the repertoire of tests for these organisms that includes Lancefield grouping, fermentation of ribose, sorbitol, lactose, trehalose or glycogen, and the formation of a-D-galactosidase, p-Dglucuronidase, P-D-galactosidase or L-pyrrolidone aminopep tidase.
